Gastro-oesophageal reflux (GOR) has been implicated in the aetiology of lung disease. Cystic fibrosis (CF) patients have a high incidence of GOR symptoms with demonstrable episodes of oesophageal acidification. We studied 24hour ambulatory tracheal and oesophageal pH in 11 CF patients with GOR symptoms to identify any episodes of tracheal acidification and define their temporal relation to oesophageal reflux and respiratory symptoms.
INTRODUCTION
Remorseless lower respiratory tract disease is the main cause of morbidity and mortality in cystic fibrosis (CF), and whilst most of this is due to sputum retention and ensuing chronic infection, other mechanisms may play a part. Gastro-oesophageal reflux (GOR) is one factor that has been implicated in the aetiology of lung disease, and suggested mechanisms include both the direct aspiration of gastric contents and reflex bronchoconstriction induced by oesophageal acidificationl4. This may be of particular importance in CF, in which both child and adult patients have a high incidence of GOR symptoms5'6. Episodes of oesophageal acidification and raised DeMeester scores have also been demonstrated in adult patients6. We therefore studied a group of adult CF patients with GOR symptoms, using ambulatory tracheal and oesophageal pH measurements and peak expiratory flow rates to determine any episodes of tracheal acidification and define their temporal relation to oesophageal reflux and respiratory symptoms. PATIENTS men) were studied. All anti-reflux medication was stopped 48 hours before the study, and patients fasted the morning of the procedure. The study was approved by the local medical ethics committee and informed consent was obtained from all patients.
Oesophageal pH
Oesophageal pH was measured with a 2.1 mm external diameter flexible pH electrode (Synectics Medical monocrystant antimony pH catheter) passed through the external nares, and the results were recorded on a Synectics Medical Digitrapper mark III. The oesophageal electrode was secured to a point 5 cm above the lower oesophageal sphincter. The pH recording apparatus was calibrated to pH I and 7 before each study. Patients were fully mobile and were asked to record their state of wakefulness, mealtimes, physiotherapy, and peak expiratory flow in a diary.
Gastro-oesophageal reflux was defined as an episode during which the oesophageal pH fell to < 4 for 15 seconds. In each patient DeMeester scores7 were calculated. This score includes measurement of the number of reflux episodes, the number of reflux episodes longer than five minutes, the longest reflux episode, and the total time pH was below 4 when supine/upright. The normal value (95th centile) is < 14.727.
Tracheal pH
Tracheal pH measurement is a safe technique8 routinely used in our centre. The upper trachea is anaesthetized with 10 an injection of 5 mL 2.5% cocaine hydrochloride solution (pH=5.5) via the cricothyroid membrane, in the same fashion as for fibreoptic bronchoscopy. A 1 3G cannula (Wallace Ltd., UK) overlying a needle introducer attached to a 10 mL syringe is then inserted into the trachea at the site of the cocaine injection. Air is aspirated to ensure that the cannula is in the lumen of the trachea and the needle introducer is removed leaving the cannula in position. Then a 1.5 mm flexible pH probe (Synectics), previously calibrated to pH 1 and 7, is inserted through the cannula and passed down the trachea for 5-10 cm, depending on the thickness of the patient's neck. The cannula is withdrawn leaving the top of the tracheal pH probe lying against the internal tracheal wall, and is secured externally by tape to the skin of the neck. A small bandage is placed over the entry site to guard against infection, and a reference electrode is placed on the patient's sternum. After probe insertion, a chest radiograph is performed to ensure a satisfactory position8. The patient is not allowed to eat or drink for 2 hours, by which time the tracheal local anaesthesia has worn off and the tracheal pH has returned to normal. Thereafter the patient is free to mobilize and eat and drink normally. The electrodes are connected to an ambulatory pH recorder (Synectics Mark III digitrapper) which is attached to the patient's waist. Data from the tracheal pH probe are downloaded simultaneously with the oesophageal pH data onto the Gastrosoft computer program (Synectics) and the results are analysed together.
We commonly measure tracheal pH in patients attending our unit for investigation of respiratory symptoms. In normal individuals it is very stable and does not fall below 6. We therefore arbitrarily defined tracheal pH as abnormal if it fell below 5.5.
Peak flow measurements All patients were asked to keep a peak flow chart using a Wright peak flow meter for the 24 hours of the study period. Peak flow readings were made three times a day, and the patients were asked to make additional recordings during times of reflux symptoms.
RESULTS

All 11 patients completed the 24-hour study period uneventfully.
Oesophageal pH 8 of the 11 patients had evidence of gastro-oesophageal reflux during the 24-hour monitoring (DeMeester score mean 58; range 17-107). In 6 of the patients the reflux was gross, with a DeMeester score > 30. Of the 8 patients with reflux, supine episodes predominated in 5; 2 patients had Tracheal pH 4 patients had evidence of tracheal acidification (defined as tracheal pH below 5.5). Two patterns of lowered tracheal pH were seen-a gradual drift downwards to less than 5.5 over several minutes, sometimes lasting over an hour before recovery to baseline (Figure 1) , and an acute fall to below 5.5 with rapid return to baseline (Figure 2 ). All 4 patients had episodes of slow downward drift in pH (1 patient four episodes, 1 patient two episodes, 2 patients one episode each), lasting from 15 minutes to 75 minutes. All these episodes occurred during prolonged spells of oesophageal reflux where the oesophageal pH was below 4 (Figure 1 ). In addition, 2 patients also had three episodes of acute decline in tracheal pH, all of which occurred immediately after a short-lived episode of oesophageal reflux (Figure 2 ). All these episodes occurred when the patient was supine. All patients who had evidence of tracheal microaspiration had grossly raised DeMeester scores ( > 60), in particular where the individual episodes of oesophageal reflux were long.
Peak flow
The mean peak flow reading was 367 L/min (range 180-540). One patient had a fall in peak flow in conjunction with a tracheal pH fall which occurred at night (average value 510L/min, falling to 330). Overall, there was no association between the presence of tracheal microaspiration and change in pulmonary function.
DISCUSSION
In a separate paper we reported that nearly all adult CF patients in our unit have symptoms of gastro-oesophageal reflux; and, of 10 investigated for reflux symptoms, 8 had oesophageal acidification during ambulatory pH monitor-ing6. Here we confirm the high incidence of GOR in adult CF patients, and also demonstrate that a substantial pH traces showing a rapid fall in tracheal pH to below 5.5 for 32 seconds with rapid recovery after 5min of oesophageal acidification proportion have tracheal microaspiration. Patients who had evidence of such microaspiration all had long periods of oesophageal acidification a phenomenon observed only when lower oesophageal barrier pressure was subnormal6. Two types of tracheal acidification were apparent: downward drifts in pH lasting 15-75 minutes-which occurred during long spells of oesophageal reflux when the oesophagus was bathed in acid, and acute falls in pH lasting only a few minutes which occurred in conjunction with isolated episodes of oesophageal reflux. The relative importance of these two types of microaspiration requires further study. However, the longer duration of the former episodes implies the aspiration of considerable quantities of acid gastric contents, since previous studies have shown that transtracheal injection of 5 mL acidic 2.5% cocaine solution (pH 5.5) lowers the tracheal pH only briefly9. Furthermore, in patients with CF such gastric contents may not be sterile, since infected sputum is often swallowed rather than expectorated.
The association between asthma and gastro-oesophageal reflux is well establishedl0, and several mechanisms have been proposed. One suggestion is that neurally mediated reflexes cause bronchoconstriction secondary to irritation of the oesophageal mucosa by acid, and another is that refluxed gastric contents are aspirated into the lunglY4. Up to 50% of patients with CF have concomitant asthmal I, and it may well be that GOR and microaspiration arc important contributory mechanisms. During the present study peak flow measurements showed a fall in only one individual, associated with tracheal microaspiration. However, similar studies in asthmatics showed no correlation between peak flow and oesophageal reflux12, and treatment of GOR in these patients not only decreased reflux symptoms but also improved peak flow'0'1 3. We speculate that, in CF patients, bronchoconstriction may be induced by neurally mediated mechanisms during short-lived oesophageal acidification, and that aspiration of gastric contents into the upper airway occurs during longer reflux episodes.
